system is a diagnostic instrument that will measure the plasma density and velocity through Thomson scattering of microwave radiation. Some of the key components of the CTS are quasioptical mirrors used to produce astigmatic beam patterns, which have impact on the strength and spatial resolution of the diagnostic signal. The mirrors are exposed to neutron radiation, which may alter the mirror properties or deform its structure. These changes may affect the collection of the scattered radiation and consequently decrease the quality of the measurements.
I. INTRODUCTION
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fast ion velocity distribution [1] . These fast ion populations have energies in the MeV range and carry approximately 1/3 of the plasma kinetic energy. So, it is necessary to guarantee that there is not a significant loss of these fast ions. These losses may occur due to instabilities in the plasma and may cause damage to the tokamak walls, as well as the plasma disruption [2] .
The CTS system at ITER will be developed by the Denmark Technical University (DTU) in a partnership with Instituto de Plasmas e Fusão Nuclear (IPFN). The system will be located on the Low Field Side (LFS) of ITER. The millimeter wave generator will be a 1 MW radiofrequency power gyrotron. It launches the radiation into the plasma, which is then reflected and redirected, through a set of mirrors, to the horn antennas [3] .
The CTS first mirror, with preliminary dimensions of 1020mm in length, 300mm in height and 100mm thick, is a fundamental component of the entire system. Its function is to redirect the reflected radiation from the plasma to other mirrors. The main concern with the first mirror is related with assuring its integrity under the neutron fluxes to which it is exposed, as it may affect the quality of the acquired signal [4] . Based on ITER's material list [12] , candidate materials are: Mo, SS-316L and W are here considered for the first mirror of the CTS to access which of these materials are best suited, considering the different neutron radiation loads required by ITER. For it, neutronics analysis are performed, using the MCNP code for particle simulations, to estimate the energy deposited through the volume of the mirror and the flux of particles that cross the surface of the mirror. These quantities are considered as thermal loads in the transient FEA of the mirror (performed using commercial software ANSYS) over a 400s discharge, with and without cooling on the rear side for which, a Finite Element (FE) model of the mirror is developed using 3D thermal-structural FEs.
Results show that the maximum stress and temperature of the mirror, considering Mo and W, present satisfactory values as they are below the respective yield stress and melting point temperature.
SS-316L may be considered in future studies, in which lower cooling temperatures and/or additional cooling areas of the mirror are considered.
This study may serve as an initial, but essential, mirror material suitability analysis that may be considered in following and more intricate studies. If we compare the work on this paper to [1] , there is here a new dynamic FEA analysis, the ranking of different materials suggested by ITER and a change from the LFS to the HFS.
C II. COLLECTIVE THOMSON SCATTERIN
The CTS system on ITER will be located and its preliminary design has already been d as illustrated in Fig. 1 . Fig. 1 comprises the fundamental elem system, i.e., the launcher and receiver comp these has their respective beams, mirror waveguides.
The interaction between the millimeter wav is based on the Bragg condition , where is the scattered wave vector, th vector and the resolved direction wave vec wave is scattered on the density wave and ori wave, which is measured by the experim measured quantities are resolved along th direction.
The transfer equation of a generic CTS sy expressed as where is the power of the incident wav overlap zone in the plasma, the incident w the electron radius, the electron de scattering function.
III. NEUTRONICS ANALYSIS
The radiation impact over the first mirro considered as a flux and its average value o inside a volume. The heat flux may be expres where is the surface area of the mirror, th particle passing through the mirror and the Furthermore, the heat generation inside th considered and may be expressed where represents the discharge time, the atomic density, the mass density, and the heating response. 
e volume, the the particle flux These quantities are estimated usi inputs in the FEA.
IV. FINITE ELEMENT
Transient thermal-structural FE conducted over a 400s discharge, Navier's continuum equations are so isotropic 3D model of the mirror is 3D thermal-structural FEs with (displacements and temperature) at e [8] ).
The thermal loads considered in expressed by Eq. (3), heat generat and a radiation heat flux, from the assuming gray body radiation with a Furthermore, when cooling is temperature load of 473K is applie mirror.
A structural load with zero dis considered in the back of the mirro support.
Partial integral differential equat regular mesh composed of 20000 br in Fig. 2 . The thermal loads are applied at t set of equations are solved using the gradient solver in which Newmark' time integration.
V. RESULTS AND D
The materials considered for the system are Mo, SS-316L and W w Table 1. ing MCNP and are used as the initial time step and the e preconditioned conjugate s algorithm [9] is used for The neutronics analysis is performed using as described in section III.
The radiation impact over the mirror, i. through the surface of the mirror, determine the heat generated in the volume of the m particle irradiation, determined by Eq.(4), Table II for the different materials.
TABLE II. HEAT LOADS AND HEAT FLUXES OF THE
Taking these values as inputs for the FEA described in section IV, one obtains the maxi stress and temperature over the ITER's time d with and without cooling. In Fig. 3 it is possible to observe that witho lines) the temperatures are higher, as expec the case with cooling (dashed lines). After th of 400s the mirror composed of Mo, SS-316 case without cooling, reaches a temperature o and 1783K, respectively.
For each of these materials, at the maxim obtained, there is the possibility of microst Furthermore, it is observed that t 316L mirror increases over the whereas for Mo and W mirrors is c cooling temperature of the mirror. T Mo and W have higher thermal con 8 and 10 times higher, respectively) II).
Hence, Mo followed by W and S of the most suitable materials, amo for the mirror if a minimum considered.
However, to complete the pictu should also be considered. Since these values surpass the materials considered, see Table I , o mirror cannot sustain the load requ cooling.
When cooling is considered, an time of 400s the mirror composed present maximum Von Misses stre and 64MPa, respectively. Thus, M maximum Von Misses stresses below the yie respective materials, as presented in Table I .
On the other hand, even when cooling is 316L presents a maximum Von Misses stres stress, as presented in Table I , and for this r discarded as a viable material.
Hence, of the tested materials, Mo follow considered as the most suitable materials for the CTS. Mirrors made of either one of these maximum Von Misses stresses bellow the co stresses and maximum temperatures below melting point temperatures and those that phase transitions.
In this sense, Fig. 5 and Fig. 6 illustrate the Von Misses stress distribution of the Mo fi CTS. Note that the stress and temperature d the mirror are similar for the other materials magnitude.
The maximum temperature and Von Misses and 294MPa, respectively, occur on the top a sides of the mirror, as illustrated by Fig. 5 and 
VI. CONCLUSIONS
Recalling that the main concern with the f CTS is related with assuring its integrity u 
